In the tetranuclear molecule of the title compound, [Ag 4 (C 9 H 10 O 4 ) 2 (C 18 H 15 P) 4 ], the Ag I ion is coordinated by one P and three O atoms in a considerably distorted tetrahedral environment. The two 2,2-diallylmalonate anions bridge four Ag I ions in a 4 -( interactions are present. Four weak intramolecular C-HÁ Á ÁO hydrogen bonds are observed in the crystal structure of the title compound, which most likely stabilize the tetranuclear silver core.
Chemical context
Silver(I) carboxylates of general type [AgO 2 CR] n (n is the degree of aggregation) are of interest due to their versatile structures in the solid state and in solution, their synthetic methodologies and their manifold reaction behavior (see, for example: Schliebe et al., 2013; Jahn et al., 2010; Wang et al., 2008; Ferná ndez et al., 2007; Olson et al., 2006; Szymań ska et al., 2007) . These metal-organic complexes are of importance not only in the field of basic research but also in multipurpose applications including, for example, metallization processes for micro-and nano-structured new materials in electronic systems and devices (e.g. using chemical vapour deposition, CVD), since silver possesses the highest electrical conductivity of any element Lang & Dietrich, 2013) , catalytic processes (Steffan et al., 2009) and their use in biological studies (Djokić, 2008; Zhu et al., 2003) .
The CVD process requires metal precursors possessing high vapour pressures. On a molecular level this is typically achieved by designing low aggregated metal compounds. In the case of silver, this can be realized by the use of phosphanes as a Lewis base; however, the concomitant increase of the molecular weight of the transition metal complex may decrease its vapour pressure. Circumventing this difficulty, we ISSN 1600-5368 have investigated the use of olefines as ligands for silver(I) carboxylates, in which the olefin is covalently bonded to the carboxylate. In the context of this approach, the title compound [{(Ph 3 P)Ag} 4 {(O 2 C) 2 C(CH 2 CH CH 2 ) 2 } 2 ], (I), was obtained by the reaction of the silver salt of 2,2-diallylmalonic acid with triphenylphosphane.
Structural commentary
The asymmetric unit of (I) contains one quarter of the molecule which is completed by application of a fourfold screw axis as the symmetry element. The resulting tetranuclear silver core is decorated by four triphenylphosphane ligands, whereby the metal ions are bridged by two 2,2-diallylmalonate anions in a 4 -(
) mode (Fig. 1 ). There is no example in the literature of a transition metal malonate displaying this type of coordination. The environment around silver, set up by one phosphorus and three oxygen atoms, is best described as distorted tetrahedral. Ag1 is oriented slightly above the plane of O1, P1 and O2
ii [distance 0.2911 (10) Å ], which is supported by the respective bond angles around Ag1 (Table 1) summing up to 354.3 . The O-Ag1-P1 angles are substantially larger than the O-Ag1-O angles, which may be attributed to the chelating coordination of the malonate ligands and the bulkiness of the triphenylphosphane ligand. The Ag-O bond lengths are more than 0.2 Å shorter for the two oxygen atoms of the aforementioned plane than for the third apical oxygen atom (Table 1) . However, the values are in the expected range for Ag-O bonds in silver carboxylates.
The cyclic corner-sharing arrangement of the described O 3 P tetrahedra gives the tetranuclear structure of (I) (Fig. 2) . The four silver ions are oriented in a butterfly-like arrangement, which delimits the title compound from Ag 4 O 4 heterocubanes (Jakob et al., 2011; Zhang et al., 2008 , Kü hnert et al., 2007 in which the four silver ions form a tetrahedron. In contrast, there are some similarities with [bis (1,8-naphthalenedicarboxylato) ][tetrakis(triphenylphosphane)silver(I)] (van der Ploeg et al., 1979) ; however, in the structure of this compound one silver ion is pentacoordinated.
Supramolecular features
Four weak intramolecular C-HÁ Á ÁO hydrogen bonds (Steiner, 2002) are observed in the crystal structure of (I) (Table 2), which most likely stabilize the silver core.
In contrast to iridium and platinum complexes of 2,2-diallylmalonic acid and derivatives thereof, the C C double bond does not coordinate the transition metal in (I). Furthermore, no obvious -stacking interactions are observed between the allyl and the phenyl substituents. Therefore, the packing seems to be dominated by dispersion forces (Fig. 3) . The Ag 4 O 8 P 4 core of the title compound with surrounding atoms. Displacement ellipsoids are displayed at the 50% probability level. The carbon atoms of the phenyl substituents except the ipso-carbon atoms and all hydrogen atoms have been omitted for clarity. [Symmetry codes: Table 2 Hydrogen-bond geometry (Å , ).
Symmetry code: (i) Àx þ 1; Ày þ 1; z.
Figure 2
Structure fragment showing the cyclic corner-sharing arrangement of the AgO 3 P polyhedra giving the tetranuclear silver core of composition Ag 4 O 8 P 4 .
Table 1
Selected bond lengths (Å ) and bond angles ( ).
148.09 (6) O2 i -Ag1-O2 Lee et al., 1999) . To the best of our knowledge, no diallylmalonate silver(I) compounds have been described in the literature so far.
Synthesis and crystallization
Complex [{(Ph 3 P)Ag} 4 {(O 2 C) 2 C(CH 2 CH CH 2 ) 2 } 2 ] was prepared by the addition of PPh 3 (132 mg, 0.503 mmol) to a suspension of [(AgO 2 C) 2 C(CH 2 CH CH 2 ) 2 ] (100 mg, 0.251 mmol) in dichloromethane (30 ml) at 273 K. After stirring for 2 h at this temperature, the reaction mixture was filtered through a pad of celite. Afterwards, all volatiles were removed in oil-pump vacuum, and (I) was obtained as a palegrey solid. Colourless crystals of (I) were obtained by solvent diffusion of a chloroform solution of (I) against pentane at ambient temperature. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . C-bonded H atoms were placed in calculated positions and constrained to ride on their parent atoms, with U iso (H) = 1.2U eq (C) and a C-H distance of 0.93 Å for aromatic and vinylic as well as 0.97 Å for methylene protons. The unit cell contains two voids of 34(1.4) Å 3 . Void volume calculation using the SQUEEZE routine in PLATON (Spek, 2009 ) gives a total electron count in the voids per cell of 3 e À Å À3 suggesting that no solvent molecules occupy these voids. The Flack parameter is À0.051 (9); however, this ambiguity is resolved as the Flack parameter of the inverted structure is calculated to 1.052 (9). This indicates that the original absolute structure has been assigned correctly. (Farrugia, 2012) , DIAMOND (Brandenburg, 1996) , publCIF (Westrip, 2010) and PLATON (Spek, 2009 (Farrugia, 2012) , SHELXTL (Sheldrick, 2008) and DIAMOND (Brandenburg, 1996) ; software used to prepare material for publication: WinGX (Farrugia, 2012) , publCIF (Westrip, 2010) and PLATON (Spek, 2009 ). 
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